Amphibian skin secretions are a source of potential new drugs with medical and biotechnological applications. Rich in peptides produced by holocrinetype serous glands in the integument, these secretions play different roles, either in the regulation of physiological skin functions or in the defense against predators or microorganisms. The aim of the present work was to identify novel peptides with bradykinin-like structure and/or activity present in the skin of Phyllomedusa nordestina. In order to achieve this goal, the crude skin secretion of this frog was prefractionated by solid phase extraction and separated by reversed-phase chromatography. The fractions were screened for low-molecular-mass peptides and sequenced by mass spectrometry. It was possible to identify three novel bradykininrelated peptides, namely: KPLWRL-NH 2 (Pnor 3), RPLSWLPK (Pnor 5) and VPPKGVSM (Pnor 7) presenting vascular activities as assessed by intravital microscopy. Pnor 3 and Pnor 7 were able to induce vasodilation. On the other hand, Pnor 5 was a potent vasoconstrictor. These effects were reproduced by their synthetic analogues.
INTRODUCTION
Amphibian skin secretions contain a large number of biologically active molecules that function not only as a protection against microorganisms, but also as an antipredator system (1, (2) (3) (4) . Moreover, some amphibian secretions contain a number of small proteins and a large number of peptide components whose biological functions are still undetermined. Several peptides from skin secretions of amphibians, more particularly tree-frogs, have been purified in recent years, including antimicrobial peptides, bradykinin related peptides and one bradykinin-potentiating peptide (BPP) (5) (6) (7) (8) (9) .
The generation of bradykinin (BK) in the blood by the action of the kallikrein-kinin system has been studied intensively in mammals, but the system has received relatively little attention in non-mammalian vertebrates. Amphibian skin has proven a remarkably rich storehouse of regulatory peptides including kinins, while the occurrence of BK-related peptides in skin secretions of frogs has been investigated by several groups (1, (10) (11) (12) ). Yet, the search for the existence of at least one component of the kallikrein-kinin system in anuran plasma has been unsuccessful, for instance one in the form of a biosynthetic precursor (e.g., pre-pro-BK) (13) .
The hylid genus Phyllomedusa contains 32 species distributed throughout southern Central America and much of South America (14, 15) . Phyllomedusa nordestina, formely comprised into Phyllomedusa hypochondrialis, is a typical Brazilian genus, inhabiting the semi-arid region of northeastern Brazilian (15) (16) (17) . Peptides weighing less than 5 kDa are the predominant molecules in the secretions of many tree frogs of the sub-family Phyllomedusinae, whereas bradykinin and bradykinin-related peptides (BRP) have been identified in the skin secretions of these animals. The fact that such analogues have been found in these skin secretions supports the idea that BRP are produced as part of a diverse defense system. The aim of the present work was to investigate directly by RP-HPLC and mass spectrometry the low-molecular-mass peptides from P. nordestina skin secretion. A single chromatographic step was chosen in order to avoid the loss of the minor components. Matrix assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF/MS) and orthogonal quadrupole time-of-flight electrospray ionization tandem mass spectrometry (ESI-Q-TOF-MS/MS) de novo sequencing analyses yielded three new sequences with vascular activities, as assessed by Conceição K et 
intravital microscopy, that were reproduced by the synthetic analogues. Taken together, these results indicate the usefulness of this sole chromatographic step approach that, combined with specific biological assays, was able to successfully identify low-abundance small bioactive peptides from complex samples such as this anuran skin secretion.
MATERIALS AND METHODS

Animals
Groups of five male Swiss mice weighing 18 to 22 g were used throughout. The animals, provided by Instituto Butantan animal house, were kept in temperature and humidity-controlled rooms, and received food and water ad libitum. All the procedures involving mice were in accordance with the guidelines provided by Ethics Committee on Animal Use of Butantan Institute (n. 378/07).
Drugs and Reagents
Sep-Pak C18® cartridges were purchased from Waters Corporation (USA); Fmocamino acids from Calbiochem-Novabiochem Corporation (USA); and acetonitrile (HPLC grade) was purchased from J. T. Baker (USA). Alpha-cyano-4-hydroxycinnamic acid, iodoacetamide, NaI, molecular mass standards (ProteoMass Kit®) and acetylcholine hydrochloride were all obtained from Sigma Co. (USA).
Sodium pentobarbital and sodium heparin were acquired from Roche Laboratories (Brazil).
Collection of Specimens
Specimens (n = 12; non-sexed) of Phyllomedusa nordestina were collected at 
Reversed phase chromatography
A reversed-phase binary HPLC system (Äkta, Sweden) was used for sample separation. The SPE-eluted fraction was loaded in a Shimadzu C18 column (ShimPack® 5µ, 4.6 x 250 mm, Japan) in a two-solvent system: (A) trifluoroacetic acid 
Mass spectrometry analyses
Peptide mass analyses were performed on a Q-TOF Ultima API® (Micromass, UK), under positive ionization mode and/or by MALDI-TOF mass spectrometry on an Ettan MALDI-TOF/Pro system® (Amersham Biosciences, Sweden) using α-cyano-4-hydroxycinnamic acid as matrix.
Mass spectrometric de novo peptide sequencing was carried out in positive ionization mode on a Q-TOF Ultima API® fitted with an electrospray ion source (Micromass, UK). Samples were dissolved into a mobile phase of 50% acetonitrile, containing 0.1% formic acid, and directly injected (10 µL) using a Rheodyne 7010® sample loop (USA) coupled to a LC-10A VP® Shimadzu (Japan) pump at a constant 20 µL/minute flow rate. The instrument control and data acquisition were conducted by MassLynx 4.0® data system (Micromass, UK) and experiments were performed by Conceição K et 
scanning from a mass-to-charge ratio (m/z) of 50 to 1800 using a scan time of 2 seconds applied during the whole infusion. The mass spectra corresponding to each signal from the total ion current (TIC) chromatogram were averaged, allowing an accurate molecular mass determination. External calibration of the mass scale was performed with NaI. For the MS/MS analysis, collision energy ranged from 18 to 45 eV and the precursor ions were selected under a 1-m/z window. All MS/MS spectra were analyzed manually; the sequences were determined by precise mass differences between adjacent b ions (confirmed by y ions).
Peptide synthesis
Synthetic peptides were obtained by an automated benchtop simultaneous multiple solid-phase synthesizer (PSSM 8® system from Shimadzu, Japan) using solid phase peptides synthesis by the Fmoc procedure (18) . The peptides were purified by reversed-phase chromatography (Shim-pack Prep-ODS®, 5µ, 20 x 250 mm, Shimadzu, Japan) in a binary semi-preparative system and their purity and identity were confirmed by MALDI-TOF and/or ESI-Q-TOF mass.
Intravital microscopy
The dynamic of alterations in the microcirculatory network was determined using intravital microscopy by transillumination of mouse cremaster muscle after topical application of the peptide. Sterile saline was used as control. In three independent experiments (n = 5, for each experiment) mice were anaesthetized with sodium pentobarbital (Hypnol®, Cristália, Brazil; 50 mg/kg, intraperitoneal route) and the cremaster muscle was exposed for microscopic examination in situ as described by Lomonte et al. (19) . The animals were maintained on a special board thermostatically controlled at 37°C, which included a transparent platform on which the tissue to be transilluminated was placed. Images of the microcirculation were simultaneously visualized on TV and computer monitors using a color video camera (TK-C600®, JVC, Japan) incorporated to a triocular microscope (Axioskope®, Carl-Zeiss, Germany). Images obtained on the TV monitor were recorded on a video recorder and computer digitized images were analyzed using standard imaging software (KS300®, Kontron, Germany). The images were obtained using a ×10/025 longitudinal distance objective/numeric aperture and ×1.6 optovar.
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Statistical Analyses
One-way analysis of variance (ANOVA), followed by Newman-Keuls test, was performed to determine significance of differences. The significance level was set at p < 0.05.
RESULTS
Peptide Pooling
The lyophilized SPE-Phyllomedusa nordestina crude skin secretion was fractionated based only on peak shape and distribution, according to the analytical RP-HPLC profile presented in Figure 1 . All pooled peptides were tested for vascular effects and those pools that were active had their molecular mass distribution profiled by mass spectrometry (Figure 2 ) (MALDI/TOF and/or ESI-Q-TOF). This work has focused solely on bioactive peptides ranging from 700 to 1100 Da; therefore, the arrowed peaks in Figure 1 were the only ones falling into this profile: small vasoactive peptides. These pools were subsequently submitted to de novo MS/MS sequencing. RPLSWLPK and VPPKGVSM, denominated Pnor 3, 5 and 7 respectively. Table 1 shows that Pnor peptides align fairly well with bradykinin and other kinins from other amphibians. Also, for the peptide Pnor 7 ( Figure 4C ), a significant vasodilatation was observed.
Ten minutes after the topical administration of 10nmol Pnor 7, the arteriolar diameter doubled ( Figure 4C ; i) relative to the initial diameter (42 ± 5 μm and 87.4 ± 11 μm, respectively). The vasodilatation became more pronounced after 20 minutes (125 ± 18 μm) and remained so until 30 minutes of observation.
Interestingly, Figure 4B displays the changes in diameter of the arteriole groups in response to the local application of Pnor 5. As observed, the topical administration of 10nmol of Pnor 5 provoked an accentuated arteriolar constriction. This vasoconstriction activity was evident 10 minutes after the application, when compared to the initial diameter (26 ± 7 μm and 43 ± 9 μm, respectively). The relative magnitude of arteriolar constriction in response to the peptide had not been restored by the end of 30 minutes of observation ( Figure 4B , ii).
No change in rolling leukocyte velocity or venule diameter was seen over time in either vehicle or peptide-treated animals. Conceição Photographs were obtained from digitized images on the computer monitor (*p < 0.05). Conceição 
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DISCUSSION
This work reports the purification and characterization of three novel peptides denominated Pnor 3, Pnor 5 and Pnor 7 (after Phyllomedusa nordestina). Like bradykinin, Pnor 3 provokes a strong vasodilatation as observed by the microcirculatory network assay ( Figure 4A ). This same effect is also induced by the administration of Pnor 7 ( Figure 4C ). Interestingly, Pnor 5 was the opposite effect: it is a strong arteriolar constrictor, as found in the same assay ( Figure 4B ).
Vasoactive peptides and inflammatory molecules tend to coexist in venoms and secretions, whereas increased leukocyte adhesion can be an indicator of an inflamed and dysfunctional endothelium (24) . Previous studies by our group reported that the skin secretion of P. hypochondrialis (although we now know that we were working with P. nordestina at the time) induces increased leukocyte rolling flux followed by a gradual increase in cells firmly adherent to the endothelium in intravital experiments (25) . Taking our previous results together with the present findings (characterization of BRP), one can conclude that they corroborate the previously described local inflammatory effect of P. nordestina skin administration in mice. Moreover, these skin secretion components could play a role in the initial rolling and slowing of recruited leukocytes as well as the transition from slow rolling to firm adhesion. At present, the mechanisms involved in the local inflammatory process induced by P. nordestina skin secretion is one of the relevant questions related to the complex pathophysiology induced by toxins (peptides). Kinins are rapidly produced after tissue injury and play a role in many of the components of the inflammatory response such as vasodilatation, plasma extravasation, cell migration, pain and hyperalgesia (26) (27) (28) (29) (30) (31) .
Peptides described in this report were initially screened for their biological activity and then for their molecular mass directly from the SPE-processed crude skin secretion. As presented in Table 1 , each of these peptides possesses at least one Pro residue calculated as consensus by Multalin (20) . Not surprisingly, the calculated consensus nonapeptide based on all the inputted sequences possesses six bradykinin residues at the correct positions.
Although BK and BRP are not rarely found in amphibian skin secretions, we would like to call the attention to the point that not only Val 1 /Thr 6 -BK variations can be found on these secretions. However, we were able to identify Pnor7 (VPPKGVSM), apparently a Val 1 -BK analogue, that was isolated through its biological effect. should not be considered as a random event.
Also noteworthy are the opposite effects observed for Pnor3 and Pnor5. Apparently using the same amino acids in a different order, these peptides vary from vasodilatation activity (Pnor3) to vasoconstrictor activity (Pnor5).
As Harris et al. Some authors speculate that BK and BRP are present in the skin of these tree frogs as they lack the kallikrein-kinin system (34, 35) , and/or that these peptides may act on and/or potentiate the endogenous BK action on the cardiovascular and/or gastrointestinal system of their predators, thus acting as defensive peptides (13, 11) .
If the latter hypothesis is correct, then the best defensive peptides would not be BK or BRP by themselves, but rather, a combination of kinins and a potentiator factor. In a previous study, our group have indeed found a BPP in the skin secretion of Phyllomedusa hypochondrialis, and it was the first BPP (bearing the canonical structural motif) to be discovered not only on the frog skin but also in any natural sources other than snake venoms (9).
Investigating nature's selected molecules is a fruitful source for identifying compounds aimed at very specific targets, depending mostly on the source of the material and the biological system chosen. The present approach, i.e. mass spectrometry amino acid sequence deduction after a single-step liquid chromatography, not only requires very little sample manipulation but also has proven itself to be fast, reliable and effective in identifying bioactive peptides. It is our understanding that the combination of mass spectrometry and the biological assay allows a rapid and reliable method for screening a large number of low-molecularmass peptides present in skin secretions.
